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SUMMARY 



Problem 

Tiic obieclive of tiiis study was to evaluate a computer assisted performance training carrel wliicli was 
developed in-iiouse at tiie Air Force Human Resources Laboratory. Teciuiicai Training Division Lowry 
AFB Colorado. Tiic evaluation was realized by using tiie training carrel to deliver the troubleshooting 
fundamentals lesson from the Lowry AFB Technical Training Center^s Electronic Principles Course. This 
report provides the documentation for the software necessary to present this course by controlling aJ 
required interaction between the student, a PDP-11 minicomputer, the PLATO system (via 'a PLATO 
terminal in the carrel) and a low-cost simulator. The hardware necessary to perform this task, and the 
suKsequcnt course evaluation are described in AFHRL.TR-76^.2 (I) and AFIIRL-TR.76.62 (III), respec- 
tively. 

Approach 

riie orogranuning was divided into two main parts, one part written in TUTOR for the PLATO 
.system, anil one part written in machine language for the PDP-11. A second division was made between 
those parts of the program which were course specific, and those parts which were used for communication 
between the two computers. 

Results 

All of the sinuilation was done in llie PDP-1 1 using tables of actual circuit values. The Standard 
Digital liquipmcnt Corporation floating point package was used to do the arithmetic required to convert 
these values to meter deflections fcr the PSM.O'multimetcr In the sinuilator. The PLATO computer was 
used for all of the testing, remediation, and nuuiitoring functions in the course presentation. The bulk ol 
textual nuiierial in the course was presented with the use of a study ijuide to avoid using expensive 
computer resources ibr a task better performed by using textual material. The TUTOR language had no 
provision:; for interrupting a program with an external event, which forced considerable interaction between 
those parts of the progr:>.m which were course specific, and those which were program specific. 

Conclusions , 

•^The developed software adequately supported the evaluation program and provided insiglit to future 
techniques which' could be employed for reliable instructional sequences. In addition, the program modules 
necessary to transfer data between the PDP-1 1 . the simulatoi and the PLATO system were developed. 
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SOI rWARIi FOR PERFORMANCE TRAINING CARREL 



I, INTRODUCTION 

This system is designed to deiuonstrnte and test tlie Icasibiiity of using tlie pcrrornumcc training 
carrel for instructing students in tlie principles ot' electronics troubleshooting fundamentals using the PSM-6 
multimeter. This course is nornuilly taught as book 38 ol' the lilectronic Principles course at Lowry 
Technical Training Center (LTTC). The system is designed to operate using the t'oilowing hardware and 
software configuration: 

Hardware: PLATO-IV central computer (currently at University of Illinois) 

Peri'ormance Training Carrel equipped with 
Slide Projector 
PLATQ.IV terminal 
i)RI buss system 
Sk PI)P-1 1/IO minicomputer 
PSM-6 simulator 

Software: Slide set 

Set of Circuit Boards 
Study Guide and Workbook 
TUTOR program (CAM I LI) 
PI)P-1 \ program 

This report is designed to provide operating instructions for the entire system, and to describe the program 
items listed previously. The following program descriptions assume that the reader is reasonably proficient 
in the use of the TUTOR language and PDP-I I assembly hnguage. 



IK W'YOH PROC;Ry\M 

The TUTOR program is designed to be used in conjunction with tiie study guide and workbook. The 
student starts the course by logging in at the carrel. Me will be given an introduction to the system, then 
directed to the study guide. Me is then directed to use the carrel, where lie will be directed back to the 
study guide when he has completed the inter.-ictive iniilructional sequence. This is repealed as often as 
necessary. While the student is supposed to be working in the study guide, the PLATO display willbe 
showing an index frame, which shows the areas of the course and which areas have been completed. An area 
of the course may consist of a CAI question, a slide presentation, or a performance training sequence using 
the PSM-6 .simulator. Several areas may be executed during one instructional sequence. Any of the areas, as 
well as five unlisted maintenance areas, may be accessed from the in ilex display by pressing the letter 
corresponding to the desired area. 

The regular instructional sequence has no options other I ban the options common to all TUTOR 
functions. However, while in the index display, five diagnostic areas are available in addition to the course 
areas listed. To enter one of ihe.se areas, press the letter corresponding to the area listed in Table 1. To exit 
any of these segments, press -I3ACK-, which will return the program to the index display. 

Tabic I. CAMILl Diagnostics Index 

v) Alignment grid for touch panel :ind slide projector 
w) PDP- 11 /PLATO data transfer u.sing SIM 
X) PDP-1 1 /PLATO data transfers using SIMUL 
y) PDP.ll /PLATO single data word transfers 
/) Display slides 

Other than the program structuring mentioned previously, this program does not have any complex 
data structures. The variables used in the program, and their meanings, arc listed in Table 2. 



Variable Name 



Table 2.. CAMILI Variable Names 

Segment Name Description 



oyu 1 } 


err 


Prrnr rni\f* from PDP-1 1 




read 


V/'iliin ci»tif it's V\l\ PriP-1 1 fnr mr»fr»r rpjiHinn 


l)yl(.<) 


sec 


XllllC 111 oLUUIlUA ^IllUU ^%f\J) alllWC l L/l *l 1 pl^J|glulll 

was started. 


byt(4) 


probes 


Probe locations. Refer to PDP-1 1 Program Descrip- 
tion for explanation of liow this variable is coded. 


by 1(5) 


funrang 


Function/range switch settings. 


byt(6) 


sell cm 


Circuit board number from PDP- 1 1 . 


byt(7) 




Not used. 


byl(«) 


lasterr 


N Value of err from previous measurement. 




red 


Tnct n/^int niimVinr Fnr rnH nrnVip 

IL>M pUllll IIUliiULl l\Jl ILU piL^UVo. •«^..v.v.> 


byt(IO) 


black 


Test point number for black probe. 


byt(ll) 


ludone 


Area number for last course area completed, 


byt(12) 


sell 


Circuit board ntinber set by SIM call. 


byt(13) 


k 


Counter used by SIMUL to fill byt(I ) through 
byt(6). 


byt(14) 


malf 


Malfunction code set by SIM call. 


key code 




internal value of key pressed during SIMUL (- 1 if 

ll\J n.\r Y W tla U 1 ^ oo^ ^ / * 


t , , 




Hicnl'iu n'lnnl lnf"itinn fnr SIM di<jnlnv^ set bv SIM 

call. 


udone{n) 




A *M" in udone(n) indicates that area n has been 
completed. 


vineas(n) 




Used to record which voltage measurements have 

Vinnn mirln If U!nP'K/^n^= 1 tllPn n VOltliilC !TieaS» 
DULll llluUL. 11 VIllLuo^liy 1) INCH u vwiiuj^k* iiiviio 

urement lias been taken such that PROBES = 2 * 
(n-1). 


viiieas( 1 ) 




Set to I when a visual inspection has been made. 


volts 




Used to access the first 60 positions of vmeas. 


rniea5(ii) 




I t/\ mr<f\rA u/titr*1i rncictntir'P tiiPH Clirp tiiPn t c 
USeU Iw leCOlU WIIILII lUdlSilullLC UlCuDlilClll^^llla 

have been made. If rmeas(n) = h then a resistance 
measurement has been taken such tliat PROBES 
= 2 * n. 

Used to access the first 60 positions of rmeas. 


ohms 




tp(n) 




Used to record which test points liave been used in 
making measurements. iftp(n)= 1 then a measure- 
ment has been made with either the red or tiie 
black probe in TP^. 


tps 




Used to access all tp(n) positions simultaneously. 
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111. PDP II PkOORAM 



The PI)P-1 1 program reads the status of the simulator every 60lh of a secoiiU, controls the lights and 
meter readings^ and informs tlie TUTOR program whenever a new reading is made. The PDP-1 1 uses tables 
ot* values for each possible ineasureilient to calcuhile the correct reading. 

The program is event-driven by the line clock. When a zero transition is detected on the power line, a 
program interrupt occurs, and the program will uilerrogale the first word of the PSM-6 status register. The 
response from the PSM-6 causes an interrupt, which is used to read (he status into the PDP-11 » and 
interrogate the second status word. This procedure will he repeated until all three status words have been 
read into the PDP-1 1 . The three status words are then compared with (he status words which wre read into 
the computer during the ])revious 60th of a second, and thr status is ignored unless the words are identical. 
When two Identical status readings occur, they are compared with the status readings used for the last set of 
PSM-6 meter reaillngs. If no change has occurred, no new calculations are made. However, if a change has 
been made, tlien the new meter readings are calculated, using data from the various tables. The meter 
reading is not sent out inunedlately after It is calculated^ but is stored in the PSM-0 output data word 
(PSM-6l{), where it will be sent out^ with the following status interrogation. Hence there is* a delay of 
approximately l/20th of a second from the time the probe or switch position is changed until the time the 
meter reading changes; the events are summarized as follows, 

(l\SM-6 status changes) 

1st line clock: Read status, no further action. 

2nd line clock: F^ead status, compute new meter reading. 

.^rd line clock; Change meter reading when PSM-6 Is interrogated. 

Whenever a new reading is taken (removing the probes from the circuit is not considered to be a new 
reading), the TUTOR program will be notified. This is controlled by the portion of the prograu) which is 
not interrupt driven, since the transfer of the information about the reading takes several seconds. Since 
interrupts are invisible to the main program, the interrupt portion of the program signals that a new reading 
has been made by setting bit 15 of a PDP-! I variable which also contains the error character. The actual 
data transfer from the PDP-11 to TUTOR is performed by an interrupt-driven routine which will be 
described In the TUTOR/PDP-1 1 program interface description. 

There are three tables -for the meter readings relating to each malfunction. The first is a list of 
addresses for tlie second set of tables, ordered by circuit board number. The second table contains Informa- 
tion about the circuit .board, namely a list of addresses for the third set of tables, ordered by malfunction 
number, and a list of test point numbers, ordered by node numbers. The tliird table contains the offset to 
the resistance portion of the table, followed by the voltage portion of the table and the resistance portion 
of the table. The two words preceding the start of this table are the indicator values for i)Ower on and off, 
and a pointer back to the node number portion of tlie second table. 

All numeric entries in the tables for volts and ohms, and for full-scale and mid-scale meter readings, 
consist of only the higli order word of the standard PDP-1 1 Hoating-polnt format. 

The PDP-1 1 program has a diagnostic feature which is operated from the switch register. Switch 
register bit assignments are: 

bit 15=1: 



bit 15 = 0: 



bit \ : 
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Use the switch register bits 0-3 for the 
mahunctlon code. Print the diagnostic 
information shown below whenever a ne'v 
measurement is made. 

The malfunction code is obtained from 
PLATO, The teletype will print a single 
(non-printing) character each time a new 
ineasurcnu at is made. 

Simulator off-line. Also force recalculation 
if bits 0-2 = 7, 



bits 0-2: Mailunclion code: 0 is normal circuit conditions. 

1 is the llrst malfunction, 
(This is only code good for all ckt bds,) 

2 is second malfunction. 
All unused malfunction codes will show 

a) both lamps off 

b) all voltages zero 

c) all resistances /xro 
il) probes = 2. 

The PDP-I I diagnostic printout consists of 9 bytcs» the first 6 of which are also sent to PLATO. Each byte 
is displayed as oclal digits: 

Oxy XXX XXX XXX Ofr xxx Oxx Oxx. xxx 
£ g ^ g I c)^ «^ J < 

O • c a 



X) 
Q 



«/> 

E 
O 



lirror code: =0 means no error has been detected. 

x=l means an invalid function or range has been used. 
y=0 means no error other than above has been detected. 
y=l means the rciiding is downscale. 

y=2 means the wrong scale has been selected (reads too far to left). 
y=3 means the wrong scale has been selected (reads too far to right). 
y=4 means an attempt has been made to read voltage with the power off. 
y=5 means an attempt has been made to read resistance with the power on. 
y=6 means an attempt has been made to read resistance without zeroing the 
ohm meter. 

y=7 should never occur. ** 

PROIiLS: This is a code composed of both the red and black test point numbers, combined to allow access 
to a linear table in the PDP-I ! . The elements of the table are arranged with the first entry being the one for 
the red probe in TP I and the black probe in TP2, the second entry with the probes reversed, etc., as shown 
in the following diagrams: 

Black TP 
12 3 4 







Black TP 








I 


-> 


3 


4 




I 


0 




(> 


10 






4 


0 


12 




or, dividing by 




10 


14 


0 


2ft 


4: 


4 


20 


24 


30 


' 0 





4 



0 

3 0 
5 0 0 



The last diagram above illustrates how the value is generated. The lower triangular portion of 4he array is 
numbered from left to right, beginning with the second row. These values are then mtiltiplied by two. The 
upper part of the array is similarly numbered from top to bottom, beginning with the second column and 
values are then multiplied by two. However, one is subtracted to distinguish them iVom the lower number 
sequence. Finally, all of the numbers are doubled so that the PDP-I I can use them as word offsets in its 
tables. The formulae are: 

R.GT.B: PROBl:S=2*((R-l)*(R-2)+2*B)) 
R .LT. B: PROBES = 2 * ((B-i)*(B-2) + 2 * R -1) 
R.HQ.B: PROBl:S = 0 

where R is the test point number for the red probe, and B is the test point number for the black probe. 
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l*uiK*tiiui/Kangc: Those iwd dljinls indlciilo ihc PSM'(> switeli scninys as ru||i>svs; 

lunctiim switch range switch 

0: Ni)l used 0: Ni>l used 

1; lODDA 1: .5 

IH'niA 2: 2.5 /\l • 

M uluns .V l()/xl() 

4: 1)(*V . :() k /v 4: 50 /x 100 

5: Dev. 1 k/v 5: 250 /x 1000 

o: \CV (>: 500/ X 10000 

7: OU lTUr 7; 1000 

Schematic: J * (circuit hoaril lunuher) f ( I if power switch is ON. else 0) Red and hlack nodes; The term 
lUKles means ihe value which is returned hy the sinuilalor hardware* and corresponds to the physical test 
points, rather than the test point uunihers on the circuit hoards* which are always called **tesl i)oi!\ts." The 
node munhers are; 

0 ~ jirohe ni)t touching anything 

1 = iui»he toucliinj^ sinnilator chassis 

2 = prohe louclnng the other prohe 
M - invalid code 

1'he i»ther nodes are o\\ tlie siundalor chassis and are arranged in the lollowing pattern: 





7 


N 


21 


20 






10 


15 




27 


33 


4 


1 1 


10 


2} 


30 


34 


5 


i: 


17 


24 


31 


35 


(> 


\} 


:o 


25 


32 


30 



IV. ^lT()R/rDI^II PROCiKANMNI KRI ACK DI-SC RIITION 

Because of transmission problems, data may fail to he passed in cither direction. Hence the interlace 
between (he two programs contains a considerable degree of redundancy. Whenever the PDP-I I is runnjr.^,, 
the PDP-1 1 will accept and process data received Ironi TUTOR. However* TUTOR will only accept data 
from the 1M)P-11 when the I:NABLli command has been given; i.e.. when the program is executing the 
S!MUL section of the program. Typically* the TUTOR program enters the SIMUL section before a reading 
i.s made. As soon as SIMUL is entered, a word is sent to the PDP-1 1 specifying the malfunction to be used 
and the desired byte ( the first ) of information to be returned to TUTOR. When a measurement is made* the 
requested byte of information is sent ha-k to TUTOR. TUTOR then requests the second byte of informa- 
tion, and it is returned, etc. until all six hy tcs of information about the measurement have been transferred. 
Since any one of these transfers may fail due to noise on the telephone line. TUTOR will wait one second 
after it has sent a request for data, and if no response is obtained, will send another request. This process 
will continue until a response Is obtained. TUTOR sends a code to the PDP-I I to quit sampling the PSM-6 
whenever the first byte of data is received from the PDP-I i . This is done to give the student feedback about 
when he can aiid cannot make measurements by turning Ihe ON-LINt: light off. The PDP-1 1 will not 
modify the data being transmitted or the meter setting (even though the probes may be moved) until all of 
the data has been transmitted. Any actions made while data is being transferred (except the last) are not 
recorded. 



V. INSTRUCTIONS FOR OIH-RATING TIIH CARRKL 

TO BEGIN; 

Turn ON the DRI buss circuitry using the toggle switch located on the card nest al the back of the 

carrel. 
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\\\{\\0\ ihelM \IOIV kninnial: 

I. Appl\ powci nsiii^ ihe nu kct swiioh Uk'm.\\ on ihc i^ncl oii ihc rifiln siik' i^l Ihc h:ick i)rilic 
upper p.iH iM the ejiivL 

1 Arlivate the teiniinal l^y piessiiin the pi>wei'l';iil oveiiiile hutlDii iDcaleil jusi heUnv the main 
poNvoi telav. The houlet ol the ihsplay pa' cl shinikl hjiht, 

Kesel the lerniinarN eirni ehCiiitry hy piesMn^; the reil, then the while innnarkeil nwker 
s\vilehe>. 

iinn ON the I eonipntei hvated under (he I'lDnl nl the eaiiel. 

I . All ol the swik'hes must he even with the trim im the I'lDUt panel. 

1 Unn the keynpeiateil pmver Nwitch ON hy turning It one-i|uarter turn eti>ek\vise. 

.V The KUN ii;ilii.'ali)r slu)ukl ninv he llgiued. H it is ni)t. then: 

a. IVes. I C)AI)AI)l)Ki:SS. 
h. Press START. 

1 0(i otUo the l UTOK system. 
lOUUII 

Press Sllll' l -STOP until the message "l*ress NI'XT to hegin*' appears. 

Tmn OI'T' th ' ri)!*-! I hy turning the key-i^perateil power switch eounlereloekwise to its limit. 

Turn Oi-i- the IM A TO terminal using the rocker switch located on the back panel. 

Turn Oh !• the DKI buss circuitry usin^; the toggle switch on the card nest. 

'lo provide the progranuner with deliugging facilities, the IMlP-il program operates with the lOX 
restart capability enabled so that pressing ('N'i'RL-l* should return the program to ODT-iix. Refer to 
DhX'-I I XinSA'A-l) I'or instruction on use of ODT. 

Ki;ri:Ri':N(i:.s 

Kargo. D.W.. StelTen. \:>j\. Pcrjonnanrc miininy^ carrel for chTtronk\s principles course, AFHRL'TR-76- 

02 (I), lowry AMi. CO: Technical Training Division. Air I'orce ihiman Resources Laboratory* 
September I^)7r>. 

West. A.S,. WasuuuiJt. K.C, l.ant/. A.h.. StelTen, D.A.. & Miller, G.CJ. Performance training carrel 
evaluation. AI-IIRL-TR-Tb-f): (ill). Lowry Ahli. CO: Technical Training Division, Air. Force Human 
Resource;; l aboratory, in press. 
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AI'PKNDIX A: I'D1»-1 1 l* LOW CHART 



This How chart for the PDP-1 1 program for the PSM.6 shiuilator includes only those parts of tlie 
IW-l 1 program in the section titled ^1'SM-(/^ which actually activate the meter. The other portions of the 
program are coded such that a reasonably experienced prograiumer would have no serious difficulties 
understanding the program. 



YES 

CALC. WHICH TABLE 
TO USE AND WHiCH 
LIGHTS TO USE 




D/A-i-0 
ERR I g 



Figure A-L PDP-II flow chart. 
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A lOHMS 



VALID 
RANGE 
7 

[yes 

>ROBES 
TOUCHING 
7 



NO 


D/A — 


0 




ERR 


10 



OHM $0 2.- 






D/A 177 




ERR -^5 



GET RESISTANCE 
FROM TABLE 










YES 


MARK AS 


ZEROED 




RTI 



/•/;t.'7//r .1-/. PDP-11 flow chart (continued) 
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APIM NUIX IJ; Tin OK 1 LOW ( HART 



This How chart is presented in an Diiihne lorni which is intended lo convey iMily the general IIdw t)f 
the program. Anyone desiring lo acquire a detailed understanding of the program slu uld use the How chart 
in conjunction with the program listings. 

The following noiational conventions are used: 

1. TUTOR comnuinds are given in upper case; e.g., UNIT. SLIDH. etc. UNIT labels are given in 
lower case: e.g.. frir refers to Frame I FU'medial. 

2. The instructional areas are used to block the How chait. l-ach ARliA command is indicated by 
the corresponding lower-case designation used in the index display, followed by the ARliA label. 

.>. A piuase in single quotes. is a text which will be displayed on the plasma panel. In most 
cases, tlie actual text displayed has beei^ condensed to shorten the How chart. 

4. A phrase in double quotes. is a student response for TUTOR to match. Note that TUTOR 
allows various -iifferent forms of answers synonymous with the one given, uach of these answers is 
preceded by the associated TUTOR ji'dgnient (ok. no. wrong). Remember that, in general. TUTOR requires 
an OK judgment before exiting the ARROW loop. 

5. A phrase in parentheses. (...). is a description of a condition which must be satisfied before the 
subsequent code is executed. Subsequent code is indented more than the outer block. 

6. An equal sign following a illU.P or DO unit label is used to describe a unit which consists of 
only a single slide. For example. Ilia.P frIr = SLIDF 2^). means unit frir will only show slide 2^). 

7. l:ndsect (m.n) is used al the end of an instructional area to mark area n as complete for the 
index display. If m is shown as a number, then the program will actually call the unit labeled 'Vndsect'* and 
the niessage "Continue reading in your manual at page m" will be displayed. Ifni is shown as a hyphen, 
then the program coding is different, and the student will not see the above message. 

cS. SIM(m.n) specifies a program call on the unit labeled 'NimT which activates the PSM-6 
simulator, and provides general remcdials for several kinds of errors (i.e.. wrong function 
or scale, probes reversed, power switch settings which are not appropriate for the kind ot 
measurement being, made, ohms not zeroed, wrong circuit board, and measurements made before 
making a visual inspeclion). Tlie schematic board used is to be number m, and n is the number for 
the nialfunclion whicli will be used. In the program, tlic calls on SIM include a third argument, loc. 
whicii is used to specify where messages arc to be displayed. 

9. A pair of numbers in parentheses, (m.n) is used to specify a measurement made with the red 
probe at test point m and Ihc black probe at test point n. When resistance measurements are being made, 
the program contains provisions to allow for probe reversal. 

The How chart for the units SIM and SIMUL arc shown in the conventional manner following 
the main How chart (Figures Bl and B2). These units arc used to connect the TUTOR code with the 
Pl)P-l I (SIM) and to give the student certain conunon types of remediation (SIMUL). 
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SIM. 

I 

ERR-*- 100 
KEYCODE-^-l 
WRITE SIMULATOR ON 




YES 



LAST ERR-ERR 
REWRITE S IMULATOR ON? 



DO SIMUL. 

~1 



REWRITE OFF 



YES 




DO VISREM 
KEYCODE-*- - I 



YES 



NO 




-ORRECT^s. YES 
CKT. BD.? 



ERASE 
MSGS; 
MODE 
WRITE 




I ERR 



YES 




YES 



3 ERR 



PAUSE I 
DO REREAD 



YES 



1 RETRY 



DO RETRY 
KEYCCDE-— - I 



» RETRY BOXES ERROR MESSAGE WAITS 
FOR RESPONSE.THEN ERASES MESSAGE 
ft K IS SET TO 1 BY SOME REMEDIALSTD 
INDICATE THAT ERROR HAS BEEN IGNORED 
VOLTS 




V M EAS ( PR0BES/2+ 1)*- 1 



OTHER 



RMEAS.( PROBES 



Figure B^L SIM flow chart 
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EKLC 



0- 



SIMUL 



AUDtO 



>223! 



I LABEL 



ENABLE 
KEYCODE 1 
MALF-^RiGHT3BlTS 
2 LABEL 



AUDIO CK-I)xo400 
•►MALFxo20*-2 
PAUSE I, KEYS 




NO 



"^END 
OF 
SEQ 



IN 

EXT SEQ 



^YES 



[NO 




Figure 8-2. SIMUL flow chart 
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MAIN I-LOW CHART 



(a) QUliSTl&2 

UNIT frl BACK index rrlr=SLIDE29 

*VVhal arc the 2 steps to any Uoublesliooling job?' 
Question la: 

ok "Inid fault" proceed to question lb. 

wrong ""cause'' -That is second pari' 

wrong -Visual"- That is lirst of three steps' 

NO -Try again' 

Question lb: 

ok "cause" "proceed to fr3 
NO-Try ;igain' 

UNIT tV3 - BACK index HIILP frJr^SLIDl^ 31 

*Wliat are the 3 steps in troubleshooting?' 

Question 2:i: 

ok - "visual" proceed to cjuestion 2b 

wrong **volts" or '*oIinis" That is not the first step' 

NO Try again' 

Question 2b: 

■ ok" "volts" proceed to cp.iestion.2c 
wrong "ohms" That is second kind of nieasurenie^it' 
wrong "meter checks" *\Vlial kind of meter checks?' 
NO Trv again' 



Question . 
ok 
NO 



"ohms" endsect (6. 
Try again' 



I) 



(b) OPliNS 

UNIT 
UNIT 
UNIT 
UNIT 
UNIT 



fr4 SLIDli 1 -BACK index. 

fr5 SLIDli 2 BACK fr4 

tV6 SLIDli 3 -BACK fr5 

tV7 SLIDli 4 -BACK fr6 

frS SLID!- 5 BACK fr7 



PAUSE 20: endsect (8. 2) 



(c) SHORTS 

UNIT 
UNIT 
UNIT 



fr9 SLIDE 6 BACK index 
frlO- SLIDE? BACK fr9 
frll- SLIDES BACK frlO 
PAUSE 20: endsect (10. 3) 



(d) 



CKT 1 
UNIT 

UNIT 
UNIT 

UNIT 



frl 6 SLIDE 13 BACK index 

l^'orce measurement of 28 v across (4. 1 ) using sini ( 1 . 1 ) 
frl 7 -SLIDE 1 4 -BACK frl 6 
frlS NOSLIDE BACK frl 7 
EHJrce measurement of Ov across (3. 2) using shn ( 
frl9 NOSLIDE- BACK frl8 
F'orce measurement of 28v across (2. 1 ) using sini 
PAUSE5:endsect(ll.4) 



I). 
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CKT 

UNIT ti20 SLIDH 15 BACK index 

i-oixc incasiircinciit of I 2.5v across (2.1) ibinu sim ( 2. 1 ). 
I'AUSi: 2pciKlsoct (i;>.5) 

CKT 2-2 

UN'IT \\2\ NOSLlDi; BACK index 

I'orcc nicasmcnicni 25v ;u*it)ss ( J?. 2) ns'wM sim (2. 2). 
UNIT rr2l;i NOSLIDI-: BACK index 

I'orcc nic;isincnicni oi Ov across (2. I / using sini (2. 2). 

liiidsccl ( Id. 6) 

giU':.ST 3 i.S:4 

UN^T Ir22 SLIDL'lO BACK Index !li:U» rr22r=SLiDi; I 7 

ok DO icnk*di;il if rci) nested: pri»eeed (i^ IV23. ' 

wiDHi: or **e*' or **d'* 1)0 leinedi;-! 

NO 'Answer n. I^. e. o\ vi' 
UMI Ul} SLini: IS BACK index ifliLP ri23r=SLli)l;: 

Ilk **d" DO ieinedi;d if recjnested: endreel (-. 7): proceed to tV24. 

wioml' di **e** DO remedial. 

NO 'Answer ;i. li. l\ or d* 

CKr.VQ 

UNIT tV24 BACK index 'Monnt ciienit tiou d 
UNI ! 1 1 2(1 SLID!" 20 BACK rr24 

l-'oiee ine.isnienient of 6.. >v across i)S, {b 5 1 usinii sini ( U). 

l orce nieasiiren*';nt of lU.Sv across Rj 2. I ) nsinj; sini Uv 0). 

i 'oice nieasiiienient of l O.Sv ueross K ^ (5., 2) nsinj4 siin (3. ())/ 

l oice nieasnieinent o\' lO.Ov across i<,4 (.>. ! ) usinii sini (3. 0). 

l oice ineasinenieiU ot' 2.0v across DS^ (4. 3) usinj; sini (3. (J). 

I'oice nieasnreinent td' lU.Ov across R4 (5.41 usini; sim (.>. 0). 

l-orcc nieasnrenient oi' 2! .7v across parallel network (5. 1 ) using sini (3. 0 

i:ndsect ( •. 8): sinu^l'l': C;OTO t'r;>3 

CKT ;-i 

I'NIT ri33. SLIDi: 2G BACK f'r24 'Now find nKiH'unclion* 
UNl l t'r33a SLIDIi 20 lli;UMr33h 
-1 Wait I'or answer 11 si nu sini (3. 1 1: 

ok "DS, slioiled*' endsect ('.^)):.IUMP rr.>4 
wroni; "DSi o[K*n** DO reniopeiis: J UMP tV33b 
NO .lUMP !'r33b 
UNIT li33h SLIDi:2l I ll-LP via BASI-: 

lorce nieasureineiit of Ov across l)S| ((>. 5) using sini (3. I). 
PAUSl-:endsecl (..'>);.Il^\llM'r34 

CKT 3-2 

L^NIT 1134 SLlDi:20 BACK index llliLP }i.>4a-SUDi: 22 

*l'ind dilTcieni nKdl'iinction*: Wait I'or answer using sini (3. 2). 

ok **D.S: shorted" DO tV34h=SLIDI: 23 if requested: endseet ( 18. 

wiong **!<]** or "K2** *ex|ilaiii. . 

wiong **DSr* *ex|^lain. . .': 

wiong **r'l open** . explain. . .*: 

wiong -^3** i„ "lU** DO lr34a^.SLll)i: 22. 

"open** 'explain. . .*: 

"slioi t ** 'exphiin . . .*: 

wiong **1)S2 open** DO icniopens 
NO *Ti \ again* 
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(k) QViiST 5 

UNIT 11.^5- SLIDL 14 BACK index lli-LP IV.^S 

r>k "a" DO fi.vS irrot|iiosU\l;oiulsoci CI, 1 1 ) 

wiuni: ***b" DO li,^7, DO tr,vS 

wioiii: "c" or "d" DO li 

NO 'Answer c, or d' 
UNIT tV,^7 'NO. . .If Rl \v;isi>iKMi then ... 

UNIT tV.vS 'Blown liiso because of hiizh euircnt hecanse DSl sliorled' 
(1) QUi:ST(> 

UNIT .lu^) SL1DI'::5 BACK Index llliLP rr41 

ok "a" DO rr41 irretiiiesied;cndseei (27, i:) 

wroui: "b" or "c" or "d" DO fr41 

NO 'Answer a, b, c, or d' 
UNIT lr4I NOSLIDI-: ''I'hink about ihe synipionis' . 

I'AUSli; SLIDI: 20 

(ni) CKT4-I 

UNIT rr4.^ SLiDi::7 BACK index 

UNIT tr45 NOSLIDI- BACK 114,^ DATA vissch4 
'Moinil eireuil board -4 on carrel* 
[•oiee nieasuvenieni of 4.8v across ( 5) using sini (4, 0) 
l orce nieasurenient of ().4v across (2, 5) using sini (4. 0) 
horee niea'surenieni of lOv across (1,5) using sini (4,0) 
Kndseci (-, 1,'^) 

in) CKT 4-1 

U'NIT tr45a NOSLIDI: Clear nieasurenicnl v^iriables. 
L NIT- ti45b NOSUDl:' BACK index lll-LlMi4S DA TA visscli4 BASI 
'Wliai IS nialliinclion'; Wail tor response using sini ( 4, 1) 
"r2 open" 

ok (measured at boili TP: and TP.^) JUMP 
wrong {otherwise) '>'ou can't kno^v that' 
wrong 'T<2 short" DO reniopens 
wrong " 1 vps" DO 1 vpsreiu 
NO ' I ry again' 
UNI T Ir48 siinotf 

(measured at both TP: and I P;) ,lUMPrr4^> 
(otherwise) ,IUMi^ t'r4Kend 
UNIT lr4Seiid 

(visual iiispeclion not completed) DO vislielp; UNI) help 
(visual inspeclion completed) 'Try voltage checks': I'^ND help 
UNIT IV4^) BASI- 

'>'j)U have ukuIc enough uieasureinentN to know' 

I'orce measurement of open across Rl {1,1^) using sini (4. 1 ) 

wrong "short" DO reimuctcr 
laulsect ('/l4);,IUMP US? 
UNIT ti50 

(not measuretl at either TP: i>r TP.M 'You can't know that': 

h\)rce measureiuent of Km- -cross \<1 C, using sini (4, 1 ) 
Lndsect (-, 14); JUMP \'i-5? 

(o) CKT 4-: 

UNIT rr53 NOSLlDL Clear nieasurenicnl variables; 
'Now lind new niahmiclioir; J UMP frSxi 
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UNI*!* ri5.vi NUSLIIH: BACK iiulcx I li:i.IMi4Sx DATA visscIj4 liASI- 
'\Vh;ii is MKijlnncMiviir: \V:iil lor icsponsc usini; siin (4.2) 
i)k "R: sluHlal*' JUMP rr50x 

UKMlil "R2 DjlCM** DO ICIUDjlCMS 

\\'ionii **1 vjis'' D(J Ivjisiom 
NO 'Try 
UMl li4S\ siiiiotT 

(iiiLMsiMvinciilsut holh TP: aiul TP.^) Jl?MI» IV54 
(olliciwisc) JUMP lV4Sciul 

I; NIT 

( lu) inc;isui.cincni ;ii cither TP2 or TP.>) 

l oKX' incijsiiiL'iiicni of short across K2 (2. ,>) usinj: shn (4, 2) 
\v?'oiii: "open" DO rcinmcicr 
'fiooil'; siitjolY: PAUSH; ciulsccl (-. 15) JUMP IY55 
I'MI i.54 

*'/ou have cMoiii:!] incasiucMicnis to know* 

loicc lUcasiircnieMl ol' short across R2 (2..'^) iisinLj siiii |4, 2) 

wroiii', "open" DO icnmK'tci 
1 nilscci (-. I5):.IUMP 

(p) (KT^I 

U'N'I'l I'r55 Clear nicasnienk'nt vaiiahlcs: 'Moiuil circuit hoard -5' 
UNI I tr55a NOSLIDP: HACK index 1 IIT.P rr55hclp DATA vissch5 liASP; 
AVha! is niah'nnction?': Wait response usini; sini ( 5 . I) 
ok "Rl shortCLl" JUMP tV05 
ssronii "r'use" DO USi.) 
uroni* "RI i)pen" DO renioiiens 
NO ' I w ai^ain' 
UNIT lV55help 

(visual nt>t perfornied) DO vishelp: I:ND helji 

(No resistance reachngs) ''['ry resistance niLMSureniLMUs*: I:ND help 

(Resistance of Rl nieasnred) *Yoii know RI is shorted*: l:ND iicl|i 

(Otherwise) 

I-'orcc nieasurenient ol* short across Rl (1.2) iisinu sim (4.2) 

wroni; "opLMi*' DO reninieter 
KND help ' 

U'NIT vishelp *"I'r\' niakini; a vi.siial inspection* 

UNIT 1'use is t)nlv a svniph)ni^ PAUSI:; J UNf rr55a 

UNIT h(i5 

( Resistance of Rl measured) '(Jood*: SIJDP: 2.S: PAUSh!: cndscct iZ^). 10) 
(Otherwise) 'You can't know thai*: PAUSl:; JUMP I'rSSii 

dp L-NIT Iroriend BACK index 

'Tliis is the end of the lesson': P.ND LI-SSON 
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